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Evidence that peripheral arterioles are constricted in arterial hypertension 
of renal origin has been adduced either from results of studies made by in- 
direct methods or from direct observation of the small arteries in the ocular 
fundi.  Both sources of information leave much to be desired; therefore, the 
application of a more precise and direct technique to the study of the problem 
seemed  necessary.  It  consists  of  direct  observation  with  the  microscope 
before and  after induction  of renal hypertension of innervated  and  non-in- 
nervated  arterioles  and  of  veins  and  capillaries  which  have  grown  into  a 
transparent  chamber placed in  the  ear  of  a  rabbit.  Since  the  vessels  and 
their contents can be seen with great clarity, minute changes can be recog- 
nized when they occur. 
It was our desire to ascertain with certainty whether persistent arteriolar 
constriction occurred when hypertension was produced and whether the con- 
striction was of such a  degree that reduction of blood flow to the tissues did 
not  occur.  This  was  the  picture  to  be  expected  from  observations  made 
(Abell and Page, 1940) during the acute hypertension produced by intravenous 
injection  of  angiotonin  (Page  and  Helmer,  1939).  Further,  the  question 
as  to  whether arteriovenous shunts open when hypertension occurs is an im- 
portant one to answer because of the wide use of thermometric and plethysmo- 
graphic  methods  for  the  study of  this same problem.  Indeed, using these 
methods diametrically opposed results have been obtained with regard to the 
blood flow in the extremities of hypertensive  patients  when  compared  with 
normal persons  (Prinzmetal and  Wilson,  1936;  Pickering,  1936;  Abramson 
and  Fierst,  1942). 
Methods 
The methods employed in this investigation were similar to those recently reported 
by Abell and Page (1942).  Essentially they consisted of examining, photographing, 
* Brief reference to some of the results reported in this paper was made by the 
authors at the General Scientific Meeting at the Marine Biological Laboratory, Woods 
Hole, Massachusetts,  August 26,  1941 (Abell, R.  G.,  and  Page, I. H., Biol.  Bull., 
1941, 81~ 293). 
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and measuring,  before and after induction of renal hypertension, blood vessels which 
had grown into the moat chamber (Abell and Clark,  1932; Abell,  1937).  In some 
of the chambers the arterioles  did not constrict spontaneously indicating that  they 
probably were not supplied  with  nerves.  The  arteriole  in  one  rabbit's  ear  con- 
stricted spontaneously throughout only part of its length, suggesting  that the nerve 
had grown only that far (Clark, Clark, and Williams,  1934).  The arterioles  studied 
had normal diameters of from 29 to 84 mm. 
The rabbits were made hypertensive either by constricting the renal artery with 
an aluminum clip (Goldblatt, Lynch, Hanzal, and Summerville,  1934) and removing 
the opposite  kidney or by wrapping one kidney in silk  and removing its partner 
(Page, 1939).  Arterial blood pressure was determined in 8 of the 10 rabbits with the 
apparatus  of Moberg  (1934).  The absolute values determined are  incorrect but 
relative values reasonably reliable. 
Ten chambers were used, each one being in the ear of a different rabbit. 
Observations 
When the rabbits became hypertensive (4 experiments) the arterioles con- 
stricted to 0.4 to 0.7 of their control diameters (Table I).  The blood flow was 
not  interrupted,  but  the  degree  of  constriction  was  probably  sufficiently 
great to increase the resistance to it.  Photographs of the blood vessels before 
and after the animals became hypertensive are shown in Figs. 3 to 9 and in 
Figs.  10  to  13,  16,  and  17.  If after operation the  rabbits  did not become 
hypertensive, arteriolar constriction did not occur (Figs.  1 and 2). 
The constriction in  the  hypertensive rabbits  was  due  to active muscular 
contraction, and was not passive.  This is shown by the increased thickness 
of the walls of the constricted arterioles, seen both directly with the micro- 
scope, and in  the  photographic  records  (cf.  especially  Fig.  11).  Arterioles 
which  constricted  spontaneously  in  normal  rabbits  showed  constriction  of 
greater  degree when  the  rabbits  became hypertensive  (Figs.  7  to  9).  No 
constriction of any capillaries was observed.  Some of the larger veins in the 
chambers  were  narrower  following  the  development  of  hypertension  than 
they were when the pressure was normal.  Further experiments are needed, 
however, before it  can  be  determined whether  such  narrowing  was  due  to 
constriction, or to a  general remodeling of the venous plexus such as occurs 
in  transparent  chambers in  normal  rabbits  (Clark,  Hitschler,  Kirby-Smith, 
Rex, and Smith, 1931). 
Small hemorrhages from the blood capillaries occurred 6 to 14 days respec- 
tively after the onset of hypertension in two animals (rabbits I  and 6).  This 
was 6 and l 1 days after the arterial pressure had reached twice its normal level. 
Sticking  of leukocytes to  the  walls  of the  capillaries  and venules increased 
from the normal condition of phase 1 to phase 4 of the Clark and Clark (i935) 
scale, and active emigration was observed.  In some places, leukocytes stuck 
to the walls of the venules in clumps which broke away at times, and floated 
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Arteriovenous anastomoses may normally be present in transparent cham- 
bers  (Clark  and  Clark,  1934).  Such  anastomoses  were  observed rarely in 
normotensive and  commonly in  hypertensive rabbits  in  these  experiments. 
Fifty moat chambers in the ears of normotensive rabbits failed to show more 
than a few of them.  In those in which they occurred the number was usually 
limited to one or two and there were never more than eight.  But in the hy- 
pertensive rabbits, not only were more present but more blood passed through 
such connections than in the normotensives.  For example, repeated observa- 
tions showed no anastomoses in the chamber of rabbit 6 before development 
TABLE I 
The Effect  of Induction of Hypertension  on the Diameter of the ArWrioles in Rabbits'  Ears 
Rabbit 
No. 
10 
Control 
Day before operation 
Hypertensive 
7 days after operation 
Control 
Day before operation 
Hypertensive 
4 days after operation 
Control 
Day before operation 
Hypertensive 
2 days after operation 
Control 
3 days before operation 
Hypertensive 
23  days  after  operation 
Blood pressure 
Normal 
2.1  X normal 
Normal 
1.5 X normal 
Normal 
1.7 X normal 
Normal 
1.5 X normal 
Diameters of arterioles A, B, C 
A 
microns 
77 
52 
77-35 
24-21 
35 
19 
80 
60-40 
B 
~icrons 
84 
49 
56-28 
19-17 
35 
14 
microns 
21 
14 
35-21 
14-13 
29 
14 
of hypertension but after it, 15 appeared.  None were seen in rabbits 1 and 4, 
five and six, respectively, appeared after induction of hypertension. 
How  long  such  newly formed anastomoses  persisted  and  remained  func- 
tional  in  the  hypertensive animals  was  not  determined.  In  one  chamber, 
however, all of the newly formed anastomoses were studied daily for 7 days, 
during which time they continued to be active. 
The blood corpuscles in the capillaries and venules, and the flow of blood 
through  the  vessels  cou|d  be  very clearly seen.  No  change  was  observed 
in the appearance of the erythrocytes, and the movements of the corpuscles 
gave no indication of any change in viscosity of the blood following the de- 
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The  arteriolar  constriction  that  occurs in  transparent  chambers upon  de- 
velopment of  hypertension  resembles  that  caused  in  normal rabbits  by  in- 
travenous  injections  of  angiotonin,  as  described  by Abell  and  Page  (1940, 
1942).  This was  shown in  the  present  experiments by injecting  angiotonin 
in amounts varying from 0.2  to 2.0 cc. into each of 6 rabbits,  and measuring 
the  extent  of  arteriolar  constriction.  After  the  arterioles  had  returned  to 
their normal diameters,  the rabbits were operated upon and the constriction 
measured in  the  4  that  became hypertensive.  Following injections  of angi- 
otonin, the arterioles constricted from normal to about 0.4 to 0.8 their original 
TABLE  II 
Diameters  of.Two Arterioles in Each of Three Different  Moat Chambers Showing:  (1)  Control 
Diameters of the Arterioles When the Rabbits Were Normotensive; (2) Diameters of the Same 
Arterioles in the Normotensive Rabbits at the Time of Greatest Constriction Following 
the Intravenous  Injection of Angiotonit~, and (3) Diameters of the Same Arterioles 
after the Rabbits Had Become Hypertensive 
Designation 
of 
arterioles 
studied 
A 
B 
A 
B 
A 
B 
Control 
diameter, 
rabbits nor- 
motensive 
microns 
77 
21 
28 
20 
35 
35 
Diameters of the 
arterioles in 
normotensive rabbits 
at time of 
g~eatest constriction 
ollowing injection 
of sngioto~in 
microns 
Rabbit 1 
53 
14 
Rabbit 4 
13 
10 
Rabbit 6 
21 
20 
Amount of 
angiotonin 
injected 
cG, 
1.0 
1.0 
0.2 
0.2 
0.2 
0.2 
Diameters of 
the same 
arterioles when 
the rabbits 
became 
hypertensive 
microns 
52 
14 
15 
12 
19 
14 
Degree of increase 
in bloodpressure upon 
development of 
hypertension 
2.1  X normal 
2.1  X normal 
1.5 X normal 
1.5 X normal 
1.7 X normal 
1.7 X normal 
diameters.  Induction  of  hypertension  causes vasoconstriction  of  about  the 
same degree,  as  illustrated  in  Table II.  In 10  normotensive  animals 30  in- 
jections  of  angiotonin  were  given.  Photographs  of  arterioles  before  and 
after the injection of angiotonin,  and of the same arterioles before and after 
development of hypertension are shown in Figs.  14 to 17. 
DISCUSSION 
The present experiments show by direct observation that peripheral arteriolar 
constriction  occurs  in  the  ears  of  rabbits  during  experimental  renal  hyper- 
tension. 
It should  be emphasized that  these studies  have been made on vessels in 
rabbit's ears in which the arterioles normally show a  high degree of activity R.  G. ABELL  AND  IRVINE H. PAGE  677 
in dilating and constricting; consequently, conclusions drawn from the extent 
of constriction found here should not be applied to other peripheral arterioles 
without further study.  Such studies are at present in progress. 
It was shown by Abell and Page (1941,  1942) that intravenous injections of 
both  renin  and  angiotonin cause  arteriolar  constriction,  but  that injections 
even of large  amounts failed to produce  constriction of sufficient degree  to 
interrupt blood flow.  This is of interest in view of the present observations 
that peripheral arteriolar constriction in hypertensive animals also does not 
interrupt  the  blood  flow.  The  fact  that  the  arterioles  constricted  to  ap- 
proximately the  same  degree following injections of angiotonin as following 
the development of hypertension (Page, 1941) is in accord with the evidence 
that  hypertension, as  produced in  these  experiments,  is  due  to  release  of 
renin by the kidneys and the  consequent formation of angiotonin within the 
blood stream. 
Constriction  of  newly formed  arterioles  which  had  probably  never  been 
supplied with nerves occurred in the hypertensive rabbits, suggesting that the 
substance  responsible  for  the  hypertension  acts  directly  upon  the  smooth 
muscle of the arterioles.  This is true of angiotonin.  Evidence from a  wide 
variety of experiments has demonstrated that the nervous system is not neces- 
sary for the genesis of experimental renal hypertension (Page,  1940). 
It might be  suggested  that secondary contraction of connective tissue is 
in some measure responsible  for the narrowing of the vessels,  though there 
is no evidence that this is  true.  Had it been  true,  marked constriction of 
the  veins as welt  as  the  arterioles  should have  occurred.  Furthermore,  no 
change in the diameter of the capillaries or the position of the vessels in the 
chamber  was  observed,  as  might  have  been  anticipated  had  generalized 
contraction of the  connective  tissue  occurred.  The  constriction  of the  ar- 
terioles was due to smooth muscle contraction as shown by thickening of the 
smooth muscle cells  in the walls of the arterioles. 
Clark and Clark (1934)  showed that stimuli which cause a  sudden increase 
in circulation followed by the prolonged maintenance of an increased blood 
flow may lead to the formation of numerous arteriovenous anastomoses in a 
previously stable  vascular  network.  It  is  of interest  to  note  that  arterio- 
venous anastomoses developed in the present experiments when the arterial 
pressure  increased.  The  anatomical basis  for formation of them is  present 
in  the  primitive  arterial-venous  capillary connections,  while  the  immediate 
stimulus to their formation lies in the rather suddenly increased blood flow. 
It  is  not  surprising  that  more  blood  should  go  through  such  connections 
under conditions of increased arterial pressure. 
Dr. R. G. Williams permits us to state  that, following intravascular injec- 
tions of methylene blue into rabbits'  ears, certain preparations showed selec- 
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walls of some of the veins.  Such veins might show constriction in  hyper- 
tension. 
Intravenous  injections of large  amounts  of renin  and  angiotonin caused 
slight constriction of some of the veins in moat chambers.  The degree  of 
constriction was not as great as that of the arterioles.  Constriction of veins 
of 0.2 to 0.6 mm. diameter in response to intravenous injections of epinephrine, 
ephedrine, and ergotoxin was observed by Wilson (1936)  in preformed tissue 
chambers in rabbits' ears.  Most of the veins in moat chambers do not exceed 
0.1 mm. in diameter. 
The absence of capillary constriction in hypertension is to be expected if 
the renin-angiotonin vasopressor system is involved, since it has been shown 
by Abell  and  Page  (1940)  that  intravenous  injections of renin  and  angio- 
tonin do not cause capillary constriction. 
SUMMARY 
1.  The present experiments demonstrate by direct observation that periph- 
eral arterioles in moat chambers in rabbits' ears constrict during the develop- 
ment of renal hypertension, and  that  they remain persistently constricted, 
although not sufficiently to interrupt the blood supply to the tissues.  The 
arteriolar  constriction in the hypertensive animals was not dependent upon 
nerves, since it occurred in newly formed arterioles which had probably never 
been  supplied with nerves,  as  well as  in  older  arterioles with a  functional 
nerve  supply. 
2.  No capillary constriction was observed during or following the develop- 
ment  of  hypertension,  although  the  wails  of  the  capillaries  could be  very 
clearly seen.  Persistent hypertension was associated in  two examples with 
increased sticking of leukocytes to  the walls of the capillaries and venules, 
some emigration of leukocytes, and a few small hemorrhages. 
3.  During  development  of  hypertension,  new  arteriovenous  anastomoses 
were observed to appear in the chambers. 
4.  No evidence of change was  noted in the viscosity of the blood or in the 
appearance of the blood corpuscles in the hypertensive rabbits. 
5.  The constriction of the arterioles during and following the development 
of hypertension closely resembled  that  produced by  intravenous  injections 
of angiotonin. 
CONCLUSIONS 
Experimental renal hypertension in rabbits  causes persistent,  visible con- 
striction to occur in the arterioles of the ears which is not great enough to 
restrict the flow of blood to the tissues but is sufficient to increase peripheral 
resistance.  The constriction is due to the direct action of a substance on the 
arterioles since it occurs in the absence of nerves to vessels.  It is associated R.  G.  A.BELL  AND  IRVINE  H.  PAGE  679 
with the appearance of new arteriovenous anastomoses.  Since many of these 
phenomena have been reproduced by injection of angiotonin, this evidence is 
consonant with the view that the hypertension is due to angiotonin or some 
similar substance. 
The authors wish to  express  appreciation  to  Mr. Harold Worth and Mr. B. B. 
Varian for assistance with the photomicrographs, and to Dr. K. K. Chert and Mr. R. 
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EXPLANATION OF PLATES 
PLATE 27 
Photomicrographs of blood vessels in moat chambers.  The blur within the vessels 
indicates blood flow.  The direction of flow is shown by the arrows.  A, arteriole; 
V, venule.  Magnification X  168. 
FIG. 1.  Vessels in rabbit 5, 3 days before operation.  This shows control diameters 
of the vessels. 
FIG. 2.  The  same vessels as in Fig.  i,  8  days after the removal of one kidney. 
The  rabbit  did  not  become  hypertensive;  the  arterioles did  not  constrict.  The 
change in diameter of the the venule is due to normal remodeling of the venous plexus 
within the chamber. 
FIG. 3.  Vessels in rabbit 6, I day before operation, showing control diameters. 
FIG. 4.  The  same  field as  in  Fig.  3,  2  days after  the  operation.  The  arterial 
pressure is 1.7 normal; the arterioles are constricted. 
FIG. 5.  Vessels in rabbit 1, I day bdore operation, showing control diameters. 
FIG. 6.  The  same vessels as kn  Fig.  5,  5  days after  the  operation.  The  blood 
pressure is 1.7 normal; the arterioles are constricted. 
FIG. 7.  Blood vessels in rabbit 4, showing the narrowest diameter reached by an 
arteriole  that  contracted  spontaneously.  The  blood  pressure  is  normal  (control 
photograph). 
FIG. 8.  The same field as above, showing the least diameter reached by the arte- 
riole under conditions of normal blood pressure (control photograph). 
FIG. 9.  The same field 5 days after the operation.  The blood pressure is 1.5 nor- 
mal; the arteriole is constricted beyond its narrowest normal limit. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  75  PLATE  27 
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Photomicrographs of blood vessels  in moat chambers.  Figs.  I0, 12, 14, and 16 
show the vessels in normotensive rabbits.  Figs.  II, 13, and 17 show the vessels 
after  the rabbits  became hypertensive.  Magnification  X  337. 
FIG. 10. An arteriole  and venule in rabbit I, 1 day before operation, showing 
control  diameters of the  vessels. 
FIG. 11. The same field  5 days after the operation.  The arterial  pressure is 1.7 
normal; the arteriole  is constricted. The increase in thickness of the wall of the 
arteriole  is  due to smooth muscle contraction. 
FIG. 12. Blood vessels  in  rabbit  6, i  day before  operation,  showing normal diameters 
of the  vessels. 
FIG. 13.  The same field 2 days after the operation.  The arterial pressure is  1.7 
normal; the arterioles are constricted. 
FIG. 14.  A branching arteriole and a venule in rabbit 4.  The vessels are normal. 
Fie. 15.  The same field as in Fig. 14, 1.2 minutes following the intravenous injec- 
tion of 0.2 cc. angiotonin, showing the greatest degree of constriction produced by the 
angiotonin.  The arteriole returned to  its normal diameter within 7 minutes after 
the injection. 
FIG. 16.  The same field 1 day after the injection of angiotonin, showing the normal 
diameter of the vessels.  This photograph was taken 5 hours and 30 minutes before 
the operation. 
FIG. 17.  The same field 5 days after the operation.  The arterial pressure is  1.5 
normal; the  arteriole is constricted.  The  degree  of  constriction is  approximately 
the same as that which occurred following injection of the 0.2 cc. angiotonin. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  75  PLATE  28 
(Abell and Page:  Effects of renal hypertension on vessels of ears) 